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1. [bookmark: _Toc120549591]Introduction
In RAN#93-e meeting, the support of PDCCH based PEI was agreed as the following [1].
· Support PDCCH-based PEI as the only option
•       Only essential function for PEI is support
•      New DCI format
•      Higher layer configuration, including SS
•      Details of the procedures of PEI monitoring, and identification of MOs before PO
•      Only Behv-A (per RAN1#104e agreement) is supported 
•      If TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for TRS availability indication is adopted for the two DCI formats
•      Supporting TRS availability indication in DCI format for PEI shall not delay the completion of essential functionality of PEI 
In this contribution, detailed PDCCH based paging early indication design will be discussed.
2. PDCCH-based PEI design
2.1 Association between PEI and PO
In Rel-15/16 NB-IoT and eMTC, one WUS can associate with one PO or multiple POs to reduce WUS resource overhead. The similar one-to-many association can also be introduced for NR PEI for high system PO density scenario to reduce PEI signalling overhead. One difference from NB-IoT/eMTC WUS is that multiple POs which have association with one PEI belong to different UEs, but not the same UE. 
The candidate associations between PEI and PO is illustrated in Figure 1. Case (A) is the example of one PEI associates with one PO. Case (B) is the example of one PEI associates with more than one POs in one PF and the PEI has the same periodicity or density as PF. Case (C) is the example of one PEI associates with more than one POs in K PFs, the periodicity of PEI is K times than PF.


 Case (A) 1-to-1 mapping between PEI and PO



Case (B) 1-to-N mapping between PEI and POs which PEI has the same periodicity as PF



Case (C) 1-to-N mapping between PEI and POs which PEI has larger periodicity than PF
Figure 1. Illustration of associations between PEI and PO(s)
Proposal 1. Support 1-to-1 and 1-to-N mapping between PEI and PO(s).
2.2 PEI monitoring occasion
From the illustration of mapping relationship between PEI and PO in Figure 1, we can see the periodicity of PEI is equals to (Case (A) or (B)) or K times than (Case (C)) the periodicity of PF. In addition, PEI should also have the same beam sweeping pattern as PO to guarantee coverage performance. Therefore, we think the determination of PEI monitoring is similar to PO PDCCH determination method in TS 38.304, which UE first calculates PEI frame and then determines the PDCCH monitoring occasions according to search space configuration.
· Case (A)
In this case, the PEI frame is determined as (SFNPEI + PEI_offset) mod T= (T div N)*(UE_ID mod N), which the T and N are the same as PF and gNB only needs to configure a different PEI frame offset. Additionally, firstPDCCH-MonitoringOccasionOfPEI is also need to be configured for UE to determine the PEI monitoring occasions associated to its own PO.
· Case (B)
This case is similar to Case (A), except that gNB doesn’t need to configure firstPDCCH-MonitoringOccasionOfPEI because the PEI monitoring occasions associated to different POs in one PF are the same.
· Case (C)
This case is much complicated because more than one PFs associate with one PEI, thus gNB should also configure a different NPEI from N of PF, which N is an integral multiple of NPEI. The PEI frame can be determined as the following:
(SFNPEI + PEI_offset) mod T= (T div NPEI)*[floor(UE_ID*NPEI/N) mod NPEI]
In this formula, UE_ID is replaced by floor(UE_ID*NPEI/N) to guarantee the UE in first two PFs calculate the same PEI as in Figure 1 Case (C). For example, assuming N = 4 and NPEI = 2, UE_ID = 0,1 can calculate the same PEI frame and UE_ID = 2,3 can calculate another PFI frame in the DRX cycle.  
Besides, if N equals to NPEI, this formula can fallback to (SFNPEI + PEI_offset) mod T= (T div N)*(UE_ID mod N).
Proposal 2. PDCCH monitoring occasions for PEI are determined by PEI frame and PEI monitoring occasion:
· SFN for the PF is determined by: 
(SFNPEI + PEI_offset) mod T= (T div NPEI)*[floor(UE_ID*NPEI/N) mod NPEI],
where T is DRX cycle of the UE, N is number of total paging frames in T, NPEI is number of total PEI frames in T and PEI_offset is used for PEI frame determination.
· PEI monitoring occasion is determined by PEI search space configuration, when firstPDCCH-MonitoringOccasionOfPEI is present, the starting PEI monitoring occasion is according to firstPDCCH-MonitoringOccasionOfPEI parameter, otherwise, the starting PEI monitoring occasion of all POs are the same.

2.3 PO and UE subgroup indication in PEI
In this section, the mapping between bit location in PEI and the wake up information for PO and subgroup is discussed.
Scenario 1: Without UE subgrouping
· Case (A): The PEI monitoring occasions are differentiated as the discussion in section 2.2, thus it is not necessary to design how to indicate different POs in one PEI.
· Case (B): One PEI only associates with Ns POs in one PF, the i_s can be used to determine the bit location in PEI, e.g., the i_sth bit in PEI is used to indicate the wake up information of i_sth PO.
· Case (C): One PEI associates with K*Ns POs in K PFs, the [k *Ns+ i_s]th bit in PEI is used to indicate the wake up information of i_sth PO in kth PO. In current spec, UE can only calculate its own PF’s SFN and PO’s index within the PF, but cannot know the index of PF associating with one PEI, i.e., k. One simple solution to calculate it is that k = SFN*N/T mod K, where SFN is the PF’s SFN, T is the DRX cycle, N is the number of PFs in one DRX cycle, K is the ratio between the periodicity of PEI and PF, i.e., N/NPEI.
Scenario 2: With UE subgrouping
Furthermore, if UE subgrouping is configured, the UE subgrouping indication in PEI for three cases can be as the following, with the assumption of one PO contains M UE subgroups with the UE subgroup index of 0, 1, … M-1.
· Case (A): The mth bit in PEI is used to indicate wake up information of UE with subgroup index m.
· Case (B): The [i_s*M+m]th bit in PEI is used to indicate wake up information of UE with subgroup index m in i_sth PO.
· Case (C): The [(SFN*N/T mod K) *Ns+ i_s]*M+m th bit in PEI is used to indicate wake up information of UE with subgroup index m in i_sth PO, K = N/NPEI.
From the above analysis, we can see that UE can implicitly calculate its wake up indication bit location in the PDCCH based PEI according to parameters for determining PF and PEI without other signalling indications. 

Proposal 3. When UE subgrouping is not configured, for one UE which PO’s index is i_s, 
· If one PEI associates with Ns POs in one PF, the i_sth bit in PEI is used to indicate wake up information;
· If one PEI associates with K*Ns POs in K PFs, the [(SFN*N/T mod N/NPEI) *Ns+ i_s]th bit in PEI is used to indicate wake up information, where SFN is the UE’s PF frame.
Proposal 4. When UE subgrouping is configured, for one UE which PO’s index is i_s and subgroup index is m, where m = 0, 1, … M-1, M is the total number of subgroups in one PO,
· If one PEI associates with one PO, the mth bit in PEI is used to indicate wake up information;
· If one PEI associates with Ns POs in one PF, the [i_s*M+m]th bit in PEI is used to indicate wake up information;
· If one PEI associates with K*Ns POs in K PFs, the [(SFN*N/T mod N/NPEI) *Ns+ i_s]*M+m th bit in PEI is used to indicate wake up information.
3. Conclusions
In this contribution, PDCCH based paging early indication design are discussed, and the following proposals are made.
Proposal 1. Support 1-to-1 and 1-to-N mapping between PEI and PO(s).
Proposal 2. PDCCH monitoring occasions for PEI are determined by PEI frame and PEI monitoring occasion:
· SFN for the PF is determined by: 
(SFNPEI + PEI_offset) mod T= (T div NPEI)*[floor(UE_ID*NPEI/N) mod NPEI],
where T is DRX cycle of the UE, N is number of total paging frames in T, NPEI is number of total PEI frames in T and PEI_offset is used for PEI frame determination.
· PEI monitoring occasion is determined by PEI search space configuration, when firstPDCCH-MonitoringOccasionOfPEI is present, the starting PEI monitoring occasion is according to firstPDCCH-MonitoringOccasionOfPEI parameter, otherwise, the starting PEI monitoring occasion of all POs are the same.
Proposal 3. When UE subgrouping is not configured, for one UE which PO’s index is i_s, 
· If one PEI associates with Ns POs in one PF, the i_sth bit in PEI is used to indicate wake up information;
· If one PEI associates with K*Ns POs in K PFs, the [(SFN*N/T mod N/NPEI) *Ns+ i_s]th bit in PEI is used to indicate wake up information, where SFN is the UE’s PF frame.
Proposal 4. When UE subgrouping is configured, for one UE which PO’s index is i_s and subgroup index is m, where m = 0, 1, … M-1, M is the total number of subgroups in one PO,
· If one PEI associates with one PO, the mth bit in PEI is used to indicate wake up information;
· If one PEI associates with Ns POs in one PF, the [i_s*M+m]th bit in PEI is used to indicate wake up information;
· If one PEI associates with K*Ns POs in K PFs, the [(SFN*N/T mod N/NPEI) *Ns+ i_s]*M+m th bit in PEI is used to indicate wake up information.
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